Background: Advances in systemic targeted therapies afford treatment opportunities in patients with metastatic renal cell carcinoma (RCC). Elderly patients with metastatic RCC present a subpopulation for consideration owing to competing causes of mortality and benefits seen with new therapeutic agents. We investigate treatment patterns for elderly patients with stage IV RCC and determine factors associated with not receiving treatment. Methods: The Surveillance Epidemiology and End Results (SEER) Medicare linked data set contained 949 stage IV RCC patients over age 65 diagnosed between 2007 and 2011. Treatment approach was modeled using multinomial logistic regression. Landmark analysis at 6 months accounted for early death as a potential explanation for no treatment.
Background
The incidence of kidney cancer has continued to rise over the past three decades [1] . Much of this increase has been attributed to the diagnosis of incidental small kidney tumors detected on axial cross-sectional imaging [2] . Nonetheless, mortality from kidney cancer remains significant with an estimated 14,000 patients in the United States and over 125,000 worldwide dying from kidney cancer in 2017 [3] .
The mainstay therapy of kidney cancer is surgical extirpation with resultant survival rates exceeding 90% for patients with localized disease [4] . Historically, however, the presence of regional and distant metastasis has been associated with a significantly poorer prognosis, with 5year survival rates between 5 and 20% [5] . Cytokine-based therapies proved to carry significant patient toxicity with variable efficacy [6] . The discovery of VEGF inhibitors, mTOR inhibitors, and immunotherapy has changed the landscape for systemic treatment (ST) of metastatic kidney cancer [7] . Specifically, targeted anti-angiogenic therapies and immunotherapy through PDL-1 inhibition have become the foundation of metastatic RCC treatment, with improvements not only in progression-free survival but also overall survival compared with older therapies such as IL-2 and interferon [8] . Tolerability is generally superior compared to older agents, with side effects ranging from relatively mild (e.g. nausea, vomiting, fatigue) to less commonly severe sequelae (e.g. thrombolic events, bleeding).
Elderly patients with RCC present a unique population for treatment consideration. Population studies suggest that for localized renal tumors of any size, patients are more likely to die from other causes than from kidney cancer [9] . The scenario is different for metastatic stage IV disease where more biologically aggressive tumors have the potential for symptomatic metastasis. In theory, the availability of newer ST with improved tolerability profiles holds the promise of longer life and greater quality of life for many patients with metastatic RCC [10] .
In this study, we explore the determinants of treatment for patients with stage IV renal cell carcinoma. We specifically focus on elderly patients, defined as Medicare beneficiaries, and explore factors associated with treatment selection. Most importantly, we determine the rates of no treatment in stage IV RCC and explore clinical and demographic factors that are associated with not receiving any form of treatment, including surgery and/or systemic therapy, or both surgery and systemic therapy.
Methods

Data
Data for this study came from the Surveillance Epidemiology and End Results (SEER)-Medicare linked database. The database includes patients in the SEER tumor registry who are covered by fee-for-service Medicare, along with all Medicare claims from the time of Medicare enrollment. We included all patients diagnosed between 2007 and 2011 with a first, single, stage IV cancer of the kidney, which we identified using an International Classification of Diseases for Oncology (ICD-O-3) code of C649 (kidney and renal pelvis).
We further included only patients with RCC by restricting cases to those with one of the following histologic types: clear cell adenocarcinoma; renal cell carcinoma; adenocarcinoma; adenocarcinoma with mixed subtype; papillary adenocarcinoma; cyst-associated renal cell carcinoma; renal cell carcinoma, chromophobe type; renal cell carcinoma, sarcomatoid; collecting duct carcinoma; granular cell carcinoma; and mucinous adenocarcinoma. In addition, we limited the sample to patients age 66 or older at the time of diagnosis, and we required that patients were continuously enrolled in fee-for-service Medicare (both Part A and Part B) from the time of diagnosis or until death or last follow-up. We also required patients to be covered by Medicare Part D in order to identify ST.
Variables
Analyses controlled for several demographic variables (age, sex, race/ethnicity, rurality, and marital status). An overall comorbidity score (or comorbidity weight) was computed from comorbidities identified using International Classifications of Diseases, 9th Revision, Clinical Modification (ICD-9) codes from inpatient and outpatient claims within one year of the date of diagnosis using the Deyo adaptation of the Charlson comorbidity index [11] . Procedure codes from the Romano adaptation were also included. Surgery (partial or total nephrectomy) was determined from claims using ICD-9 procedure codes (55.3x, 55.4, 55.5x) and Current Procedure Terminology (CPT) codes (50, 220, 50, 225, 50, 230, 50, 240, 50, 543, 50, 545, 50, 546, 50, 548) .
Systemic therapy
ST was determined from Medicare Parts A and B claims using Healthcare Common Procedure Coding System (HCPCS) level II codes for injection drugs, including temsirolimus (C9239, J9330), bevacizumab (C9257, J9035, Q2024), interferon-alfa (J9213, J9214), and interleukin-2 (J9015). In addition, Medicare Part D claims for prescription drugs were used to identify prescriptions that were filled for axitinitinib, bevacizumab, everolimus, pazopanib, sorafenib, sunitinib, and temsirolimus. Patients were classified as having received ST if a claim with one of these HCPCS codes or prescription drugs was found within 6 months of RCC diagnosis.
Statistical analysis
The objective was to investigate associations between patient factors and treatment choice among patients with stage IV kidney cancer, including no evidence of receiving treatment. We considered only surgery and ST to be primary treatments for kidney cancer. Although some RCC patients receive radiation therapy, it is not used as a primary treatment in kidney cancer but rather as palliative therapy for bone, brain, or other sites of metastases.
The primary outcome was treatment choice. To construct the primary outcome, patients were cross-classified by surgery and ST, resulting in four treatment groups: no treatment, surgery only, ST only, and both surgery and ST. Comparisons of demographic variables across treatment groups were made using analysis of variance (ANOVA) for continuous variables and chi-squared tests for categorical and binary variables.
We modeled treatment choice using multinomial logistic regression, an extension of logistic regression for outcomes with more than 2 categories. The log odds of receiving each treatment in comparison to the reference treatment were modeled as a function of covariates using a generalized logit link. Odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) from the model were reported. By default, ORs were interpreted relative to the no treatment reference group.
However, ORs relative to other treatment groups can be calculated directly from model parameters and were therefore also reported. For the non-linear estimates of age, we reported ORs for 80 versus 70 years, or roughly the inter-quartile range. In addition, model results were reported graphically using the predicted probability of receiving treatment as a function of covariate values included in the model.
One final consideration is that treatment choice was necessarily unknown at the time of diagnosis; a patient must have lived long enough to receive any treatment. A patient classified as having no treatment within the first 6 months after diagnosis may have refused treatment, may have died before any planned treatment began, may have been observed clinically, or may have received no treatment for other reasons. As a way to control for this limitation, we used landmark analyses that fit the same multinomial logistic regression model but limited the sample to the subsets of patients who lived ≥6 months after diagnosis.
Results
The analysis sample contained 949 patients with Stage IV kidney cancer. Among these patients, 447 (47%) patients lived at least 6 months after diagnosis. Table 1 shows the distribution among treatment groups for all patients and for patients surviving ≥6 months. Most patients with Stage IV cancer did not receive surgery within 6 months (n = 700, 75%). A substantial number of patients received ST within 6 months (n = 324, 34%), but many did not. Table 1 provides descriptive statistics for patient characteristics stratified by treatment group for the full patient sample. Significant differences in the distribution of patient characteristics were observed across the four treatment groups for all variables except for race and rurality. Unsurprisingly, patients who received both surgery and ST were younger on average than patients who received no treatment (mean age 72.2 vs. 78.7 years). Seventy percent (70.0%) of patients who received both surgery and ST were married, compared with 50.4% of patients receiving surgery alone and 51.9% of patients receiving ST alone. Among patients receiving no treatment, only 37.4% were married. Patients receiving no treatment had the highest mean CCI score (1.5) among all treatment groups.
Results of the multinomial logistic regression for all patients are presented in Table 2 . Odds ratios from this model are interpreted in a similar fashion as for logistic regression models for each treatment relative to a given reference group. For example, patients who were married had 3.13 times greater odds than unmarried patients A more intuitive method of interpreting the fitted multinomial logistic regression model is examining predicted probabilities of each treatment group as a function of covariates in the model, which we present in Fig. 1 . The probabilities for a given covariate were estimated after setting all other variables in the model to the median value (continuous variables) or most prevalent value (categorical variables). These values were age 76, male, white race, big metro, unmarried, and CCI = 1. In Fig. 1 we see the association between age and treatment group: the estimated probability of no treatment increases with age. Older patients (roughly ≥80 years) were more likely to receive no treatment than all other treatment groups combined. Similarly, patients with higher CCI (indicating more severe comorbidities) had increasing probabilities of receiving no treatment. Patients who were married had a higher probability of surgery and ST and a lower probability of no treatment, while the other treatment groups (surgery alone and chemo alone) stayed relatively constant for each marital status.
Similar patterns of patient characteristics were observed for the 6-month landmark analysis (Table 1) . Whereas sex differences were statistically significant for all patients (P = 0.017), the differences were not significant for patients surviving ≥6 months (P = 0.121). However, this is largely due to the smaller sample size for the landmark analysis because the percentages of male and female were generally similar for each cohort. Results of the multinomial logistic regression for patients surviving ≥6 months are presented in Table 2 . Marital status, rurality, and age were the only significant predictors of treatment among this patient subgroup. Predicted probabilities of treatment from this model show that among patients who lived at least 6 months, the combination of surgery and systemic therapy was the highest probability treatment until age 80. For patients older then 80, no treatment was the highest probability treatment option (Fig. 2) . Patients who were married had the highest probability of receiving both surgery and systemic therapy.
Discussion
In this study of almost 1000 Medicare beneficiaries with stage IV kidney cancer, we observed that over 50% did not receive any form of medical or surgical treatment. Even in our landmark analysis of patients who survived at least 6 months following diagnosis, 27% did not receive any therapy. Factors associated with patients not receiving treatment included clinical and sociodemographic factors such as older age, higher comorbidity burden, and unmarried status.
Cytoreductive nephrectomy is a potentially morbid operation with a risk of perioperative mortality (~3.2%) even in the most optimally selected patients [12] . This makes single or multi-agent systemic therapy a potentially attractive option in patients with impaired baseline renal function. Early experience with immune modulators, however, suggested treatment-related toxicity that significantly blunted therapeutic efficacy [13] . The introduction of tyrosine kinase inhibitors in the early 2000s heralded a new era in kidney cancer therapy with medications yielding significantly improved side effect profiles [14] . Subsequent investigations have identified a combination of agents with the capacity to target different components of the proliferative pathways [15, 16] . With both oral and parenteral routes of administration, options are available to a wide spectrum of patients, although treatment goals in this setting may be limited to partial response or stabilization of disease rather than complete remission. Additionally, the growth and expansion of multiple agents in the second line setting, including nivolumab, cabozantinib, and combination lenvatinib and everolimus, show a survival advantage in this highrisk patient population [16] . In such settings, one must further consider potential advantages with regards to health-related quality of life (HRQoL) and time to onset of symptom improvement between agents [17] . Therefore, selection of subsequent therapy will depend on patient disease status, comorbidities, and resource availability [18] . Furthermore, other newer treatments may also provide treatments to patients who may otherwise have received little, including the robotic partial nephrectomy [19] and stereotactic ablative body radiotherapy [20] .
One explanation for our finding that 27% of patients did not receive therapy is that the initial treatment strategy may have included active surveillance. A recent study by Rini et al. suggested that some patients with indolent growth of metastases could benefit from an initial active surveillance approach prior to administration of systemic targeted therapy [21] . Specifically, Rini found that among 48 patients the median time to surveillance interval was nearly 15 months; higher numbers of comorbidities and more metastatic disease sites were associated with shorter surveillance until initiation of systemic therapy or death [21] . While active surveillance may be an initial strategy for a select cohort of mRCC patients, the improved side effect profile of newer systemic therapies and their demonstrated effectiveness in elderly patients may obviate the need [22] .
In our study, the negative association between age and CCI with receipt of therapy delivery was interesting and somewhat surprising. Clearly, the CCI is a measure of a patient's comorbidity complex, and therefore those who are ill are at risk for competing causes of mortality. In such patients, the costs of therapy must be balanced with expectations of prolonged life expectancy. The association with age, however, is more complex. In our cohort, the median age for the untreated group was 77, among which a percentage likely had an anticipated life expectancy of greater than 24-36 months post-diagnosis. The question remains whether such patients, particularly those untreated at 6-months after diagnosis, would have benefited from some therapy considering their low risk of imminent death.
Finally, the observation of marital status and receipt of treatment is not surprising. Previous research has found that factors beyond disease characteristics alone, including support-and infrastructure-related factors including marital status, socieoeconomic status as determined by zip code, proximity to urban centers, as well as others being predictors not only for treatment but also survival in other cancers [23] [24] [25] [26] [27] . Such observations highlight potential opportunities for investment in a screening and survivorship initiative to bolster or ameliorate such factors.
We acknowledge several important limitations in this analysis, many of which are common in observational studies. First, as the information originated from an administrative dataset, we rely upon the coding in the part D component of Medicare to accurately assess delivery and type of treatment offered to patients, as well as comorbidities. Second, while the data allows evaluation of broad demographic and clinical factors, there is a lack of details regarding some of the specific factors that may have dictated the indication for treatment on an individual case basis. For example, Motzer et al. have shown that lab values and the Karnofsky score, measures not available in our data set, are predictive of risk [28, 29] . We were also unable to tell whether some patients received treatment as part of a clinical trial, nor were we able to distinguish between ST given as adjuvant therapy from neoadjuvant therapy among patients who received both surgery and ST. Finally, with the strict inclusion criteria utilized, the overall cohort of analysis was less than 1000 patients, thereby potentially limiting the applicability to a larger cohort with a broader age distribution. Nonetheless, these data are provocative and should prompt studies and discussions on the merits of intervention in patients particularly given those with anticipated life expectancy of greater than six months.
Conclusions
In this cohort of Medicare beneficiaries, many elderly patients with stage IV kidney cancer did not receive any form of therapy. Such observations persisted even among patients who survived at least six months after diagnosis. Given the increasing array of systemic targeted therapy with limited side effect profiles, the underlying reasons for such observations warrant further investigation as well as a consideration of the economic implications of therapy in this patient cohort. 
